Abstract: A simple, highly efficient and green procedure for the condensation of aryl and alkyl 1,2-diamines with α-diketones in the presence of catalytic amount of sulfonic acid functionalized imidazolium salts (SAFIS) is described. Using this method, quinoxaline derivatives as biologically interesting compounds are produced in high to excellent yields and short reaction times. Environmentally benign, simple methodologies, easy workup procedure, clean reaction, short reaction time, high yield and easy preparation of the catalysts are some advantages of this work. In this work, some sulfonic acid functionalized imidazolium salts (SAFIS), as a new category of ionic liquids, are synthesized by eco-friendly and simple procedures, and used as highly efficient and reusable catalysts to promote the following one-pot organic transformations under solvent-free conditions.
Introduction
Ionic liquids (based imidazolium or other organic cations) have received considerable interest as eco-friendly solvents, catalysts and reagents in organic synthesis because of their unique properties, such as low volatility, non-flammability, high thermal stability, negligible vapor pressure and ability to dissolve a wide range of materials [1] [2] [3] [4] [5] [6] [7] [8] [9] . Among them, Brønsted acidic ionic liquids, with the useful characteristics of solid acids and mineral liquid acids, have designed to replace the traditional mineral liquid acids like sulfuric acid and hydrochloric acid in chemical procedures [10] [11] [12] [13] [14] . Considering the unique properties of imidazolium salts with Brønsted acidic property and their successful applications in organic transformations [6] [7] [8] [9] , more recently, we have synthesized some sulfonic acid functionalized imidazolium salts, with Brønsted acidic property, including ionic liquid 3-methyl-1-sulfonic acid imidazolium chloride {[Msim]Cl} [10] [11] [12] [13] 13 and successfully applied them as highly efficient catalysts and reagents in organic synthesis [10] [11] [12] [13] . Along this line, in this presented work, we have reported the preparation of two sulfonic acid functionalized imidazolium salts (SAFIS), 3-methyl-1-sulfonic acid imidazolium hexafluorophosphate(V) {[Msim]PF 6 } and 3-methyl-1-sulfonic acid imidazolium tetrafluoroborate {[Msim]BF 4 } as new ionic liquids (Scheme 1). We wish to use them as effective catalysts for different organic transformations. Herein, we have found that the preparation of quinoxalines derivatives can be efficiently performed in the presence of these ionic liquids under eco-friendly reaction conditions. Scheme 1. The preparation of the sulfonic acid functionalized imidazolium salts {[Msim]X} Design of highly efficient chemical reactions, which provide maximum structural complexity and diversity with a minimum number of synthetic steps to assemble compounds, is a major challenge of modern drug discovery 14 . Recently, multicomponent reactions have emerged as a highly valuable synthetic tool in the context of modern drug discovery. Atom economy and convergent character, simplicity of a one-pot procedure, possible structural variations, accessible complexity of molecules and very large number of accessible compounds are among the described advantages of multicomponent reactions 15 . Thus, they are perfectly amenable to automation for combinatorial synthesis 16, 17 . Quinoxaline derivatives are a very important class of nitrogen-containing compounds and have been widely used in dyes 18 pharmaceuticals 19, 20 and electrical/photochemical materials [21] [22] [23] [24] [25] [26] . Quinoxaline ring moiety constitute part of the chemical structures of various antibiotics such as Echinomycin, Levomycin and Actinoleutin [27] [28] , that are known to inhibit growth of gram positive bacteria and are active against various transplantable tumors. A number of synthetic strategies have been developed for the preparation of substituted quinoxalines [29] [30] [31] . By far, the most common method relies on the condensation of an aryl 1,2-diamine with a 1,2-dicarbonyl compound in refluxing ethanol or acetic acid for 2-12 h giving 34-85% yields 32 . Recently, Heravi et al. 33 , and More et al 34 , reported greener methods for the synthesis of quinoxaline derivatives in green solvents (EtOH/H 2 O), using copper sulphate pentahydrate and cerium (IV) ammonium nitrate as catalysts, respectively. 2,3-Disubstituted quinoxalines have also been prepared by Suzuki-Miyaura coupling reaction 35 52 . Nevertheless, many of the reported methods are associated with one or more of the following drawbacks: low yields, long reaction times, the use of large amount of catalyst, the use of toxic or expensive catalysts and inefficiency of method.
In continuation of application of Bronsted acidic ionic liquid (BAIL) and solid acid [55] [56] [57] [58] [59] [60] [61] [62] , we report here our results on the efficient solvent-free synthesis of 2,3-diarylquinoxalines, dibenzo [a,c] Interestingly, these methods for the preparation of the quinoxalines derivatives have none of the above-mentioned drawbacks at all.
Scheme 2. Quinoxalines synthesis by the sulfonic acid functionalized imidazolium salts (SAFIS)

Experimental
All chemicals were purchased from Merck or Fluka Chemical Companies. The known products were identified by comparison of their melting points and spectral data with those reported in the literature. Progress of the reactions was monitored by TLC using silica gel SIL G/UV 254 plates. IR spectra were run on a Shimadzu FTIR-8300 spectrophotometer. 
Preparation of ionic liquid [Dsim]Cl
To a round-bottomed flask (100 mL) containing imidazole (0.340 g, 5 mmol) in CH 2 Cl 2 (50 mL), was added chlorosulfonic acid (1.177 g, 10.2 mmol) drop wise over a period of 20 min at room temperature. After the addition was completed, the reaction mixture was stirred for 12 h under pressure of nitrogen (to remove the produced HCl) and allowed to stand for 5 min and the CH 2 Cl 2 was decanted. The residue was washed with dry CH 2 Cl 2 (3×50 mL) and dried under vacuum to give [Dsim]Cl as a viscous pale yellow oil in 95% yield, 1.257 g 
Preparation of ionic liquid [Msim]Cl
A round-bottomed flask (100 mL) was charged with 1-methylimidazole (0.410 g, 5 mmol) in dry CH 2 Cl 2 (50 mL) and then chlorosulfonic acid (0.583 g, 5 mmol) was added drop wise over a period of 5 min at room temperature. After the addition was completed, the reaction mixture was stirred for 20 min and allowed to stand for 5 min and the CH 2 
Results and Discussion
At first, ionic liquid 1,3-disulfonic acid imidazolium chloride {[Dsim]Cl} was prepared by the reaction of imidazole (1 eq.) with chlorosulfonic acid (2 eq.) in CH 2 Cl 2 (Scheme 1) 13 . In the next step, 3-methyl-1-sulfonic acid imidazolium chloride {[Msim]Cl} was prepared by the reaction of 1-methylimidazole with chlorosulfonic acid in CH 2 Cl 2 with almost 100% atom economy [10] [11] [12] [13] . Then, the other SAFIS, 3-methyl-1-sulfonic acid imidazolium hexafluorophosphate(V) {[Msim]PF 6 } and 3-methyl-1-sulfonic acid imidazolium tetrafluoroborate {[Msim]BF 4 }, were prepared by anion exchange procedure (Scheme 1). As it is shown in Scheme 1, [Msim]Cl was reacted with Lewis acids KPF 6 and NaBF 4 Thermal gravimetric analysis (TGA) of the sulfonic acid functionalized imidazolium salts were also studied ( Figure 1 In our initial study on the applicability of the SAFIS in organic synthesis, we investigated the preparation of 2,3-diarylquinoxalines from benzene-1,2-diamines and 1,2-dicarbonyl compounds in the presence of them (Scheme 1). For this purpose, the condensation of 2,3-diphenylquinoxaline (1 mmol) with benzil (1 mmol) was examined using different amounts of Table 1 . Interestingly, the three SAFIS were highly efficient, and 10 mol% of them was sufficient to afford the product in excellent yields and in very short reaction times at 110 °C (Table 1, -110  600  32  600  29  600  30  2  5  110  8  88  14  89  17  91  3  7.5  110  5  90  9  93  10  90  4  10  110  2  98  3  98  5  97  5  10  120  3  97  6  99  6  95  6  10  100  5  92  8  90  11  91  7  10  90  9  93  11  91  12  92  8  10  80  14  90  15  89  18  87  9  15  110  3  98  6  98  7  98 a Isolated yield 1,2-Diamines was condensed with benzyl, phenanthrene-9,10-dione and acenaphthylene-1,2-dione using [Dsim]Cl, [Msim]PF 6 or [Msim]BF 4 (results summarized in Table 2 ). As it can be seen in Table 2 , all catalysts were highly efficient and general, and gave the desired quinoxalines in high yields and short reaction times. 
Conclusion
We have introduced some novel sulfonic acid functionalized imidazolium salts including [Dsim]Cl, [Msim]PF 6 and [Msim]BF 4 as highly efficient, regenerable catalysts for organic transformations. For instance, in this work, the synthesis of quinoxalines derivatives by the one-pot condensation reaction, were efficiently catalyzed by these imidazolium salts. The promising points for the presented methodology are efficiency, generality, high yields, very short reaction times, cleaner reaction profile, simplicity, ease of preparation of the catalyst.
